In human subject, the ethmoidal arteries take origin only from the internal carotid, while in some animals, from the internal and the external carotids.
The anterior and the posterior ethmoidals in man and the external ethmoidal in some animals have a long and complicated course ; the orbit,the cranial cavity---,the nasal cavity. It is much difficult to survey the arteries in detail, using only the traditional dissecting method. Therefore, it would seem for the present author that, up to now, detailed and correct observation on the problem has been scarce.
The present paper will deal with a three-dimensional observation on the ethmoidal arteries in dog, cat, rabbit, goat and human fetus using the plastic injection corrosion method.
Materials and Methods
Animals used were 26 dogs, 16 cats, 23 rabbits, 11 goats and 15 human fetuses (6-10 months).
They were sacrificed by bleeding and injected with acrylic resin into the arterial system of the heads through the common carotid arteries on both sides by means of the technique which was published by Tani g u c h i, 0 h t a and T a j i r i (1952 and 1955) . Most of the injected heads were digested with 20% NaOH solution to corrosion casts, while some of them were preserved in 10% formalin for dissecting technique which is indispensable to This work was presented at the 71st Annual Session of the Japanese Association of Anatomists, 1966, Kobe. observe relation between the vessels and other tissues and organs.
The corrosion casts and formalin preserved specimens were submitted to the dissection and observation under the binocular magnifier.
Observations

Dog
The external and the internal ethmoidal arteries are observed. . In the former cases, the orbital artery arises 3.5-6.0 mm distal to the anterior alar foramen from the superior or superomedial wall of the maxillary ; in the latter cases, the external ethmoidal arises from the maxillary a little distal to the origin of the external ophthalmic.
A. Orbital portion
The external ethmoidal being swollen at its origin in a cone shape passes first forward and upward lateral to the origin of the lateral rectus muscle, next curves inferiorly along the superior surface of the middle third of the levator palpebrae muscle in an arch with its convexity upward (the 1st curvature). Then, changing sharply its direction forward and inferiorly over the distal one third of the levator palpebrae muscle (the 2nd curvature), it reaches the space between the medial surface of the superior rectus and the medial wall of the orbit.
It finally enters the cranial cavity (Figs. 5, 6 and 7) passing through the larger one of the ethmoidal foramina forward and downward.
The artery gives off muscular branches in 22 cases of 48 examples ; in 12 of the 22 cases it sends the R. muscularis superior (M i 11 e r et al.) (R. muscularis inferior arising from the A. orbitalis) ; in the other 10 cases in 8 of which both Rr. musculares superior and inferior with a common stem (Fig. 3) , separately in two cases (Fig. 1 ). In two of the remaining 26 cases in which the artery does not send the muscular branches, the common stem of the muscular branches arises directly from the maxillary ; in 24 of the 26 cases, the branches arise from the orbital artery (Fig. 4) .
Branches are as follows :
(1) R. muscularis inferior (Figs. 1 and 3) This ramus (0.55-0.84, M. 0.77 mm) is observed in 10 cases of 48 examples.
It arises usually from the external ethmoidal near its origin in common (0.69-0.83, M. 0.80 mm) with the R. muscularis superior (Fig. 3) . After running forward and a little laterally between the lateral and the inferior rectus muscles, it enters the muscular cone (M iller et al.) at about the anteroposterior middle of the belly and branches there to supply the orbital muscles (except the lateral rectus) and the lower eyelid. It arises from the external ethmoidal in common with the inferior muscular branch in eight of the 22 cases (Fig. 3) ; separately 7-9 mm distal to the origin of the artery in 14 cases (Fig. 1) . The ramus passes forward and upward first lateral to the original portion of the lateral rectus muscle and next between the muscle and the superior rectus, sending off branches to the superior rectus and the levator palpebrae.
Finally, it reaches the lacrimal gland and the lateral portion of the upper and the lower eyelids as the lacrimal branch ( The ramus anastomoses (0.06-0.10, M. 0.07 mm) with branches of the superficial temporal and the malar arteries.
(3) Branches to the adjacent tissues They (0.21-0.29, M. 0.27 mm), two to four in number, arise from the external ethmoidal as it passes over the levator palpebrae or the superior oblique. They are distributed to part of these muscles and the adjacent periorbita and other tissues.
B. Intracranial portion After passing for 1.5-3.0 mm along the inner wall of the cranium, the external ethmoidal divides into two, the superior and the inferior branches (Figs. 5, 6 and 7). The both branches anastomose with each other (Fig. 5 ) with their twigs lateral to the anterior end of a low bony ridge, the Crista galli, to form an arterial ring on the cribriform plate. Twigs of the superior and the inferior branches may be divided into two groups : those mainly made up of the Rr. bulbi olfactorii not leaving the cranial cavity ; those entering the frontal sinus and the nasal cavity.
The olfactory fossa in dog consists of mainly the cribriform plate except part of its lateral wall. The plate lies in the direction from anteromedial to posterolateral in angles of 450-50° to the median plane, opening backward in a butterfly shape.
Between the fossae on both sides is the Crista galli in the posterior half, and the inner table of the frontal bone in the anterior half is inserted from above. In the superoposterior middle of the plate is a slightly raised bony ridge which divides the plate into a superior and an inferior half. The author wishes to call it the transverse ridge.
The superior branch (Figs. 5, 6 and 7)
The branch (0.65-0.84, M. 0.77 mm) passes forward and upward for 7-13 mm on the superior half of the cribriform plate in arch with its convexity upward, and changes its direction forward and downward near the center of the superior half of the plate.
Then it reaches just lateral to the Crista galli where it gives off a twig (0.24-0.30, M. 0.28 mm) to anastomose with the inferior branch.
The superior branch anastomoses (0.38-0.50, M. 0.46 mm) with the internal ethmoidal running forward and finally enters the superior end of the nasal septum through one of the cribriform foramina. Twigs of the superior branch are eight to 13 in number ; those from the convex side are more in thickness and in number than those from the concave side. They anastomose with one another on the plate to form an arterial network (Figs. 5 and 6).
(1) R. sinus frontalis (Fig. 5) The ramus (0.30-0.53, M. 0.48 mm) is usually the first one. It arises upward near the origin of the superior branch, ascends along a shallow groove on the inner surface of the frontal bone and enters the frontal sinus to supply its wall.
(2) Rr. laminales (Figs. 5 and 6) They (0.17-0.53, M. 0.40 mm), four or five in number, arise more from the anterior half of the superior branch than from the posterior half.
They ascend on the plate to its superior margin where they
give off about 20 twigs (0.18-0.30, M. 0.25 mm), which enter the nasal cavity. The twigs ascend further on the inner surface of the frontal bone.
Some of them are distributed to the dura mater above the cribriform plate, others enter the frontal bone to supply it, and others ascend along the median plane as far as the parietal region as the anterior meningeal artery to anastomose (0.04-0.09, M. 0.06 mm) with the middle meningeal artery.
Additionally, they give off fine twigs (0.03-0.70, M. 0.45 mm) to the posterior wall (the basis) of the nasal cavity, that is, the mucosa of the nasal side of the cribriform plate.
Twigs of the rami laminales are as follows : a) Twigs to the ectoturbinalia I-IV (Fig. 8 ) They (0.19-0.30, M. 0.28 mm), four to seven in number, are given off from the rami laminales passing toward the superomedial margin of the cribriform plate. They enter the upper group of the ectoturbinalia I-IV through the cribriform foramina lying at the portion extending from the upper margin to the superomedial margin of the plate. A few of the twigs pass the foramina lying near the center of the plate. Each twig passes forward to the anterior end of the respective ectoturbinale to form an arterial network with the branches to the ethmoturbinale (0 z a k i) of the sphenopalatine artery. b) Twigs to the endoturbinale I ( Fig. 8 ) They (0.24-0.30, M. 0.28 mm), three to six in number, are given off from the rami laminales passing toward the superomedial margin of the plate. They enter the superoposterior part of the endoturbinale I and anastomose (0.04-0.09, M. 0.06 mm) with twigs of the rami nasales septi superiores which supply almost the anterior two thirds of the endoturbinale I, to supply almost the remaining one third. c) Rr. bulbi olfactorii (Fig. 5) The rami (0.15-0.24, M. 0.20 mm), four to seven in number, are derived from most of the rami laminales and pierce the dura interiorly to form an arterial network like a basket surrounding the bulb. From the network numerous twigs enter the interior of the bulb at about a right angle to the surface. After passing forward and downward for about 5 mm on the lateral wall of the olfactory fossa, the branch (0 .70-1.00, M. 0.77 mm) comes onto the cribriform plate. It passes on the inferior half of the plate in an arch with its convexity downward to the median and, turning its direction forward and upward, reaches just lateral to the anterior part of the Crista galli . Finally, the branch anastomoses (0.24-0.30, M. 0.28 mm) (Figs . 5 and 6) with a twig of the superior branch and with (0.20-0 .35, M. 0.30 mm) the internal ethmoidal to form a simple network on the cribriform plate .
Twigs of the inferior branch are in general less developed than those of the superior branch.
(1) Twigs to the presphenoid bone They (0.26-0.29, M. 0.28 mm), one or two in number, arise from the inferior branch close to its origin, pass backward along the suture between the presphenoid and the temporal bones and enter the former.
(2) Rr. laminales (Figs. 5 and 6) The rami (0.24-0.48, M. 0.36 mm) are six to 11 in number. Those arising from the convex side of the inferior branch are more developed than those from the concave side.
The Rr. laminales divide into twigs as follows : a) Twigs to the endoturbinale IV ( Fig. 8 ) They (0.20-0.32, M. 0.29 mm), one or two in number, arise from the most proximal one or two of the Rr. laminales derived backward from the convex side of the proximal half of the inferior branch close to the top of the convexity.
They pass on the inferoposterior part of the cribriform plate to its posteromedial margin, and enter the endoturbinale IV through the foramina near there. b) Rr. nasales septi posteriores (Figs. 6 and 7) They (0.19-0.30, M. 0.27 mm), six to nine in number, are given off from the rami laminales arisen mostly from the distal half of the convex side of the inferior branch.
They enter the nasal septum through the foramina lying just lateral to the Crista galli. Proximal one or two of them pass almost perpendicularly in the septum and supply its posterior part.
The more they are anterior, the more their direction approach the horizon they radiate sagittally in the septum. The rami are distributed to part of the septum extending from the posterior half to one third except the portion 4-6 mm below the upper margin, which is supplied by the Rr. nasales septi superiores. They anastomose superiorly (0.06-0.12, M. 0.08 mm) with the Rr. nasales septi superiores of the internal ethmoidal (v. i.) and anteriorly (0.07-0.15, M. 0.11 mm) with the Rr. nasales septi medii (0 z a k i) of the sphenopalatine to form an arterial network in the nasal septum (Fig. 7) . c) Twig to the endoturbinale III ( Fig. 8 ) The twig (0.22-0.36, M. 0.32 mm) arises from one of the Rr. laminales derived out of the concave side of the inferior branch, passes through one of the foramina and divides into two to enter the endoturbinale III. d) Branches to the ectoturbinalia V and VI (Fig. 8) They (0.27-0.34, M. 0.31 mm), one or two in number, arise usually from the laminales derived from the proximal half of the concave side of the inferior branch and enter the ectoturbinalia V and VI. Every branches to the turbinalia pass forward to their anterior end and anastomose (0.04-0.09, M. 0.07 mm) with the branches to the ethmoturbinalia of the sphenopalatine to form arterial networks in the turbinalia. e) Rr. bulbi olfactorii They (0.15-0.24, M. 0.20 mm), three to five in number, may arise from either of the laminales.
They pierce the dura interiorly and form an arterial network surrounding the surface of the olfactory bulb. From the network numerous twigs enter the interior of the bulb at about a right angle to the surface. They enter the posterior end of the ceiling of nasal cavity extending from the superior part of the nasal septum to the endoturbinale I. They are divisible into two groups some for the nasal septum, others for the endoturbinale I. The former (0.36-0.46, M. 0.42 mm) are to be called the Rr. nasales septi superiores (Figs. 5, 6 and 7). They pass forward in the portion 4-6 mm below the upper margin of the septum, branching themselves . As they pass forward, their supplying area spreads perpendicularly in the septum, about 10 mm below the upper margin of the septum extending at the level corresponding to the maxilloturbinale. They anastomose (0.04-0.10, M. 0.75 mm) with the R. nasalis (S a w a) of the nasopalatine and form an arterial network in the septum in cooperation with the rami nasales septi anteriores and medii (0 z a k i) of the sphenopalatine.
The latter (0.32-0.40, M. 0.36 mm), the branches to the endo-turbinale I (Fig. 8) , enter the turbinale near its posterior one third. Branching richly themselves within the turbinale, they run forward as far as the anterior end of it to supply about anterior two thirds. They anastomose (0.04-0.24, M. 0.15 mm) with some of the branches to the ethmoturbinale of the sphenopalatine to form an arterial network in the turbinale.
Cat
The external and the internal ethmoidal arteries are observed. It runs forward and medially to the ethmoidal foramen in an arch with its convexity upward, crossing over the muscular cone of the eye. It runs anterosuperiorly and medially over the levator palpebrae and the superior rectus, and turns its direction antero-inferiorly and medially on the medial margin of the superior rectus to reach medial to the medial rectus.
After receiving the anastomotic artery near the inferior margin of the inferior rectus, it finally enters the cranial cavity through the ethmoidal foramen.
A. Orbital portion
The external ethmoidal is partially double-tracked in 11 cases of 27 examples.
The double-tracked parts show various numbers (from one to three), lengths (from one millimeter to almost entire course of the orbital part of the artery), widths and locations.
One doubletracked in 5 cases (Fig. 9) , two double-tracked in 2, three doubletracked in 2 (Fig. 10) . In remaining two cases it is double-tracked from the beginning till just before it enters the ethmoidal foramen.
The artery gives off the following branches in the orbit : The artery is formed at the inferomedial end of the rete by the confluence of two to four vessels which construct the rete (Fig. 10 ). It runs forward on the medial wall of the orbit medial to the lower margin of the medial rectus muscle, giving four or five branches to this muscle.
And finally, changing the direction upward in an arch form, it joins (0.19-0.36, M. 0.26 mm) the external ethmoidal.
B. Intracranial portion The external ethmoidal entered the cranial cavity through the ethmoidal foramen, (the artery is 0.3-0.5 mm in diameter at the foramen) divides soon or after a course of about 2 mm into two branches, the superior and the inferior (the dorsal and the ventral branches by Davis & S tor y) (Figs. 11, 12 and 14) . Rarely, the artery divides just before entering into the cranial cavity.
Usually, the inferior branch is larger than the superior (in five cases, vice versa).
Both branches do not form any clear arterial ring as seen in dog. During the course, the branch gives off anteriorly and posteriorly five to seven twigs (0.04-0.15, M. 0.09 mm), Rr. bulbi olfactorii.
They anastomose with the same named rami of the inferior branch to form an arterial network surrounding the olfactory bulb in a basket shape (Fig. 11) . Usually, the Rr. bulbi olfactorii do not leave the cranial cavity.
From the network numerous twigs enter the bulb about perpendicularly to its surface. A little larger one or two of them run forward on the bony wall and anastomose with the inferior branch on the cribriform plate about 5.5 mm inferior to its upper margin. All the branches which will be listed below (2)- (10) leave the cranial cavity through the foramina on the plate or other foramina on the cranium after passing on the cribriform plate for a short distance or soon after their origins.
They are distributed to the wall of the nasal cavity or of the frontal sinus. The twigs (1)- (7) leave the inferior branch before the junction with the anastomosing branch of the internal ethmoidal ; but the twigs (8)- (10) arise after the junction.
The twigs (3), (4), (6), (8) and (9) The artery divides into two to four branches just posterior to the cribriform plate. They are to be named the Rr. nasales septi superiores (Fig. 15 ). The internal ethmoidal sends in its course one to four branches, in addition to the A. marginalis.
They pass forward or downward between the olfactory bulbs and anastomose with the inferior branch of the external ethmoidal and supply the adjacent dura.
Branches of the internal ethmoidal are as follows : Twigs out of the superiores extend anteriorly in a fan shape and are distributed to the superior part of the nasal septum except its posterior small part and to the almost anterior half of the endoturbinale I (the superior nasal concha). Additionally, the twigs concur with the Rr. nasales septi medii of the sphenopalatine in the formation of the arterial network in the nasal septum (Fig. 15) .
The inferior twigs branching successively pass forward in the nasal septum about 3.5 mm below the course of the superior twigs in the level corresponding to the lower edge of the endoturbinale I as far as the central part of the septum.
They concur with the nasales septi posteriores and medii to form an arterial network in the septum (Fig. 15) 
Rabbit
The external and the internal ethmoidal arteries are observed. The orbital artery (1.2-1.4, M. 1.3 mm) arises upward from the maxillary about 1.8 mm distal to the anterior sphenoidal foramen (B en sl e y). The origin is just lateral to the maxillary nerve which appears through the superior orbital fissure. After ascending 4.5-6.0 mm on the lateral wall of the superior orbital fissure in the medial of the Pars orbitalis of the temporal muscle, (H a n a i et al.), the orbital artery divides into two, the external ophthalmic and the external ethmoidal (Figs. 17 and 22) .
The external ophthalmic (0.62-0.90, M. 0.80 mm) runs forward between the retractor bulbi muscle and the rectus superior in an arch with its convexity upward giving off the lacrimal artery (Fig.  17) . Then the external ophthalmic gets to the Harderian gland to supply it and, giving off many branches (0.10-0.30, M. 0.18 mm) to the orbital muscles and the eyeball, finally ends in the third eyelid.
A. Orbital portion
The external ethmoidal lies medial to the external ophthalmic (Figs. 17 and 21 ). The external ethmoidal ascends along a shallow groove on the lateral side of the lesser wing of the anterior sphenoid bone, being covered laterally by the rectus superior muscle. Then it runs forward along the suture between the orbital part of the frontal bone and the lesser wing medial to the rectus superior to enter the ethmoidal foramen, crossing over the optic foramen.
The external ethmoidal sends the frontal artery and 2-4 fine muscular branches (Fig. 17) . Some of them are distributed to the inner, canthus and to the skin anterior to it, and others pass backward in the base of the upper eyelid and are distributed to the vicinity of it and to the skin of the frontal region.
Additionally, in most cases a branch (0.28-0.35, M. 0.31 mm) arising from that artery just before it reaches the anterior supraorbital incisure passes backward on the medial wall of the orbit. Then passing through the posterior supraorbital incisure, it is distributed to the muscles near the incisure and to part of the lacrimal gland ii. Entering the superior portion of the nasal septum and the superior wall of the nasal cavity as the Rr. nasales septi superiores in 6 cases (Figs. 18 and 19) .
iii. Anastomosing with the same branch of the opposite side and branching into four or five in 4 cases : one of them emerging into the subcutaneous tissue of the nasal dorsum as the nasal dorsal artery ; others entering the superior portion of the nasal septum and the superior wall of the nasal cavity as the Rr. nasales septi superiores (Fig. 24) .
iv. Emerging into the subcutaneous tissue of the nasal dorsum as the nasal dorsal artery in 6 cases.
v. Anastomosing with the internal ethmoidal artery in 4 cases (Fig. 22) Twigs of the superior branch do not show rich branching on the cribriform plate. They are divisible into two groups, one leaving the cranial cavity and the other without leaving.
The twigs (2) and (4) described below belong to the latter, and the others to the former.
Twigs of the superior branch, seven to ten in number, are as follows :
(1) Twigs to the ectoturbinalia (Figs. 17, 22 and 23) They (0.20-0.26, M. 0.24 mm) are derived forward near the origin of that branch and, after giving off a minute twig to part of the cribriform plate, enter into the ectoturbinalia including one lying in the most superolateral through one of the foramina at its inferolateral margin.
(2) Rr. meningei They (0.07-0.15, M. 0.95 mm), one or two in number, arise backward as that branch reaches the ceiling of the anterior cranial fossa and are distributed to the adjacent dura. Then, giving off numerous twigs which surround the olfactory bulb, the rami run backward as back as the posterior end of the bulb to anastomose with branches of the middle cerebral artery (T s u s a k is A. bulbi olfactorii lateralis?).
Additionally, the twigs anastomose (0.03-0.10, M. 0.05 mm) with the same named twigs of the inferior branch to form an arterial network, which surrounds the olfactory bulb, and from which numerous twigs are sent off into the bulb. (Figs. 20 and 21) .
ii. Anastomosing with the same branch of the opposite side and branching into four or five in 18 cases ; one of them is the nasal dorsal artery which runs in the subcutaneous tissue of the nasal dorsum to the top of the nose ; others are the Rr. nasales septi superiores which enter the superior portion of the nasal septum and the superior wall of the nasal cavity (Figs. 20 and 21) .
iii. Entering the posterior end of the nasal septum as the Rr. nasales septi posteriores in 6 cases. They enter the nasal septum at its posterior end through a few of the cribriform foramina lying just lateral to the median.
They are distributed to the posterior part of the nasal septum, above all between its posterior end and the portion from about 15 mm anterior to it in the superior part of the septum to about 7 mm in the inferior part. II. The internal ethmoidal artery (Fig. 22) The internal ethmoidal is much less developed in 40 cases of 44 examples.
In the remaining four, it is well-developed. In the usual 40 cases, the artery (0.14-0.26, M. 0.18 mm) arises from the anterior cerebral as that artery running forward bends sharp superoposteriorly. It runs in the falx cerebri, giving of small twigs to the falx, and anastomoses (0.03-0.13, M. 0.08 mm) with the Rr. bulbi olfactorii of the external ethmoidal artery between the bulbs on both sides to form an arterial network surrounding the olfactory bulb. In the other four, the artery (about 0.43 mm) runs further to the cribriform plate to branch itself into four or five (Fig. 22) . One (about 0.34 mm) of them emerges into the subcutaneous tissue of the nasal dorsum through the cribriform plate as the nasal dorsal artery, and others (Fig. 25) . The external ophthalmic (1.1-1.7, M. 1.6 mm) derived from the maxillary runs for 8-10 mm upward and anteromedially and turns sharp its direction upward and laterally just anterior to the lateral wall of the foramen orbitorotundum.
The external ophthalmic next runs anteromedially between the superior rectus and the retractor bulbi in an arch with its convexity upward.
In this course, the artery gives off branches to the orbital muscles, the lacrimal artery and about six branches to the Rete mirabile orbitae.
After sending off the last one of the branches to the Rete, the external ethmoidal runs medially between the medial rectus and the superior obliquus in an arch with its convexity upward to enter the ethmoidal foramen.
In four cases of 22 examples, the artery has one or two double-tracked parts.
Branches of the external ethmoidal are as follows :
(1) A. frontalis (Fig. 25) The artery (0.56-0.78, M. 0.72 mm) arises from the superior wall of the external ethmoidal as it passes on the inferior surface of the superior obliquus muscle. The artery ascends first on the inferior surface of the superior obliquus and next on the medial wall of the orbit and enters the mucosa of the medial and the lateral frontal sinuses (N i c k el et al.) through the supraorbital canal (S isson & G r o s s m a n) to supply them.
(2) Rr. musculares (Fig. 25 ) They (0.22-0.43, M. 0.38 mm) are usually seven in number. One or two of them arise from the superior wall of the external ethmoidal near its origin and enter the superior rectus.
Others arise a little proximal to the ethmoidal foramen and enter the superior obliquus and the medial rectus muscles and adjacent tissues.
B. Intracranial portion The external ethmoidal enters the ethmoidal foramen and, passing inferomedially for 3-5 mm in a canal within the frontal bone, emerges into the cranial cavity.
Near the outer opening of the canal, the artery sends off a branch (0.40-0.55, M. 0.50 mm) which ascends for a short distance in the bone and enters the cranial cavity at a ridge obliquely at the posterior border of the olfactory fossa to supply the adjacent dura and the bone.
The olfactory fossa in goat is bordered posteriorly by a sharp bony ridge running supero-inferiorly from the anterior cranial fossa, and anteriorly by the cribriform plate being in an oval shape directed its long axis anterosuperiorly and a little laterally from the nasal cavity.
The fossa is superiorly and also laterally surrounded by part of the frontal bone, and medially by the ethmoidal edge. Its bottom consists of the cribriform plate, and the more it is lateral, the deeper it is. The cribriform plate is divided into two parts, an upper and a lower by a ridge running transversely at the supero-inferior middle or at the superior third of the plate.
Running medially for 1-3 mm, the external ethmoidal gains on the lateral border of the cribriform plate. It is divided into seven to ten cribriform branches, the Rr. laminales, after once divided into two (Fig. 29) or three (Fig. 30) (1) Rr. bulbi olfactorii The rami do not leave the cranial cavity. They (0.18-0.22, M. 0.19 mm), three to six in number, arise from twigs of the Rr. laminales, which run toward from the superolateral margin of the plate to the center of the superior margin, and also from twigs which run toward the inferior margin of the plate, before they reach the margin. The rami pierce the dura interiorly and reach the medial and the lateral sides of the olfactory bulb. They form an arterial network around the bulb like a basket to give numerous fine twigs to the interior of the bulb. Branches of the internal ethmoidal artery also join the arterial network in the lower edge of the cribriform plate. , three or four in number, are the continuations of some of the twigs of the Rr. laminales which run toward the superomedial margin of the cribriform plate. They enter the ceiling of the nasal cavity, that is, the nasal mucosa spreading from the superior part of the nasal septum to the endoturbinale I and, dividing themselves, pass forward as far as its anterior end. The rami anastomose (0.08-0.19, M. 0.15 mm) with other twigs to form an arterial network in the nasal septum : with the Rr. nasales septi posteriores (described below) at the posterior end of the nasal septum (Fig. 28) ; with the Rr. nasales septi medii at the sagittal middle two fourth of the nasal septum ; and with the R. nasalis of the major hard palatine artery (S a w a) at the anterior end of the nasal septum. e) Rr. nasales septi posteriores ( They enter the lower group of the ectoturbinalia through the foramina located at the central part or lateral margin of the inferior half of the cribriform plate.
They anastomose (0.29-0.36, M. 0.32 mm) with the branches to the ethmoturbinale of the sphenopalatine and form arterial networks in the ectoturbinalia.
II. The internal ethmoidal arteries (Figs. 31 and 32)
The internal ethmoidals (0.28-0.48, M. 0.39 mm), two or three in number, arise from branches which derive from the anterior cerebral artery as it ascends near the median or the anterior surface of the cerebrum (Fig. 31) . They surround the olfactory bulb to supply it and the adjacent dura in combination with the Rr. bulbi olfactorii of the external ethmoidal, without extending beyond the cribriform plate. In one example of 11 heads, it is observed that the internal ethmoidal is single and well-developed on both sides and arises directly from the anterior cerebral artery at its upward turning from forward (Fig. 32) . The internal ethmoidal in this case passes first anterosuperiorly in parallel with the mother artery, next enters the falx cerebri between the bulbs on both sides and finally branches itself into three or four.
They, the Rr. nasales septi superiores continue into the nasal septum through the cribriform foramina located at the superomedial margin of the plate.
Human fetus
The In general, the posterior ethmoidal is smaller than the anterior.
In one example of 15 heads in which the supraorbital artery is well-developed and takes its origin from the ophthalmic more proximally than usual on both sides, the posterior ethmoidal arises from the supraorbital on the left side ; the anterior ethmoidal arises in common with the supraorbital on the right (Fig. 36) .
A. Orbital portion The posterior ethmoidal runs first medially or posteromedially between the superior rectus and the superior obliquus muscles and next crosses over the latter muscle in a S-shape.
It finally enters the cranium at the posterolateral margin of the cribriform plate, which is still cartilaginous in the fetal stage, through the posterior ethmoidal foramen.
Branches in this portion are shown under :
(1) Rr. musculares They (0.12-0.24, M. 0.19 mm), two to four in number, via one or two common trunks, are distributed to the levator palpebrae superioris, the superior obliquus, the superior and the medial rectus muscles. Occasionally, it is observed that one of the branches anastomoses (0.04-0.12, M. 0.09 mm) with a branch of the middle meningeal.
(2) Branches to the periorbita They (0.12-0.19, M. 0.17 mm), one or two in number, pass laterally between the periorbita and the levator palpebrae superioris and supply the adjacent periorbita. In case in which the posterior ethmoidal is larger than the anterior, the rami supply almost the posterior half of the superior portion of the lateral wall of the nasal cavity the more the posterior ethmoidal develops, the more the supplying territory of the rami extends anteriorly. b) Rr. septales (Fig. 39 ) They (0.07-0.16, M. 0.12 mm), one to three in number, enter the superoposterior end of the nasal septum and, branching and descending in a fan-shape, are distributed to almost the posterior third of the septum about 5 mm below its upper end. The more the mother artery of the rami develops, the more the supplying territory of the septales in the septum extends forward.
Among the rami, some The origin of the artery is 5-9 mm distal to, occasionally almost in contact with that of the posterior ethmoidal.
In one head, two anterior ethmoidals arising with a common stem are observed (Fig. 39) A. Orbital portion
The anterior ethmoidal (0.38-0.43, M. 0.40 mm) passes between the superior obliquus and the medial rectus to the medial wall of the orbit and then enter the cranium at the anterior third of the lateral border of the cribriform plate through the anterior ethmoidal foramen.
Course of the artery in the orbit is far shorter than the posterior ethmoidal.
Usually in this portion, one to three fine twigs to the superior obliquus and part of the medial rectus are found. , four to six in number, descend fanshapedly into the anterior half to two thirds of the lateral wall of the nasal cavity and are distributed to this portion extending 3-10 mm below the upper margin and also to the anterior group of the ethmoidal sinuses which are fairly formed.
This territory corresponds almost to the ascending part of the ethmoturbinalia 2 and 3, and the area between the ethmoturbinalia and the cribriform plate. The anteriormost one -or two of the branches descend along the anterior border of the lateral wall of the nasal cavity as far as the upper end of the vestibule (Fig. 38) , about five in number, descend into the anterior half to two thirds of the nasal septum and, extending sagittally fan-shapedly, are distributed to this portion stretching 5-10 mm below the cribriform plate. The more they are developed, the more the distributing territory of the rami extends posteriorly. The anteriormost one or two of them descend as far as the area against the vestibule and are distributed to the septum adjacent to the naris, the area corresponding to the supplying territory of the fellows of the laterales (Fig. 39) .
Twigs of the septales anastomose posteriorly (0.04-0.13, M. 0.10 mm) with the fellows of the posterior ethmoidal and inferiorly (0.09-0.17, M. 0.12 mm) with the branches of the R. nasalis septi anterior of the sphenopalatine to join the arterial network of the septum (Fig. 39) . At the junction of the septum and the lateral wall, the laterales and the septales anastomose (0.07-0.10, M. 0.09 mm) with one another near the naris. Incidentally, the lacrimal artery arises from the middle meningeal in 13 cases of 25 examples.
The middle meningeal anastomoses with the ophthalmic and its branches and branches of the maxillary.
Summary and Discussion
The ethmoidal artery has a complicated course ; the orbit-the cranial cavity-the nasal cavity, and is lying in the dura mater or between the dura and the bone and in the nasal mucoperiosteum. Accordingly, it has been difficult to survey the entire course and branching mode of the artery, and detailed accurate report has been scarce. By means of the plastic injection technique, the present author could gain a satisfactory result on the problem. In general speaking, the anterior and the posterior ethmoidal arteries are observed in human fetus, the external and the internal ethmoidals in dog, cat, rabbit and goat. The beginning feature of the external ethmoidal varies according to species, however the branching mode of the end portion of the artery in the nasal wall is similar one another in the animals. However, the ophthalmic in this study gave off no branch to the eyeball, so that it should be called the A. ethmoidalis externa.
In rabbit, Tsusaki described that the A. ophthalmica inferior which arose from the maxillary divided into the A. ophthalmica externa and the A. frontalis, the latter of which sent the A. ethmoidalis anterior (externa). Bensley stated that the A. ophthalmica inferior in rabbit divided into the A. frontalis and the A. lacrimalis, the former of which sent the ethmoidal artery.
The A. ophthalmica inferior stated by Tsusaki and Bensley seemed to correspond to the A. orbitalis in dog, a common trunk of two main flows, one supplying the eyeball and the other entering the cranial cavity through the ethmoidal foramen.
Therefore, the artery was to be called the A. orbitalis.
In the present study, the main flow of the frontal artery in the description of Tsusaki and Bensley continued direct to the A. ethmoidalis anterior (externa).
Their frontal artery was to be called the A. ethmoidalis externa, and the frontal of the present author was regarded as a branch of the ethmoidalis externa.
Ben s 1 e y described the eyeball was supplied by the A. ophthalmica of the external carotid, while he did not make mention of any branches supplying the eyeball, of the A. ophthalmica inferior out of the maxillary.
His description was opposite to the present author, namely, the eyeball was mainly supplied by branches of the external ophthalmic of the orbital out of the maxillary.
No description on the external ethmoidal in goat was found. Sisson et al. (1953) stated in ox that the external ophthalmic formed the rete mirabile orbitae and gave off the frontal branch which entered the supraorbital canal. In the present observation, the external ophthalmic sent in its proximal portion many branches to the rete from which main flow to the eyeball arose and the extension of the artery ran to the ethmoidal foramen.
The author wishes to call the extension the external ethmoidal artery.
In human subject, the anterior ethmoidal artery was usually larger than the posterior.
The fact agreed with the descriptions in many text-books.
In the present study, it was observed in human fetus that the lacrimal artery arose from the middle meningeal in 13 cases of 25 examples and that there were anastomoses between the middle meningeal and the ophthalmic and also between branches of the latter and the maxillary.
Accordingly, it would suggest that such anastomoses would be rudiments of the external ethmoidal artery or of the orbital in animals and that the ophthalmic in human subject would correspond the especially well-developed internal ophthalmic in animals. Ellenberger also stated the external ethmoidal sent two muscular branches. By the present author, the external ethmoidal gave off only the superior muscular branch in 12 cases of 48 examples ; the superior and the inferior muscular branches in 10 cases ; no muscular branch in the remaining 26 cases (from the maxillary or from the orbital artery). The present author found none to be called the zygomatic artery stated by Miller et al.. Although Ellenberger has described the lacrimal artery left direct from the external ethmoidal, the author in this study found it arose from the superior muscular branch.
In cat, Davis et al. stated the frontal and the external ethmoidal arose by a common stem. However, by the author in this study, the frontal was a branch of the external ethmoidal.
H ti rlimann described in cat in one case the external ethmoidal received a fine vessel just before it entered the ethmoidal foramen.
The fine vessel seemed to correspond to the A. anastomotica of the present author. The collateral route (double-tracked part) of the external ethmoidal found in cat and goat has not been reported before.
It was an interesting fact that only these two species possessing the rete mirabile had sua a feature.
In rabbit, B e n s 1 e y stated that the A. ophthalmica inferior divided into the frontal and the lacrimal, however by the present author the lacrimal was derived from the external ophthalmic.
In goat, the main branch in the orbit was the frontal being different from the corresponding artery in other animals used in this study in that it was larger and also in that it was distributed to the medial and the lateral frontal sinuses through the supraorbital canal.
In cat, rabbit and goat, main branches of the external ethmoidal were the frontal and some muscular branches, having considerable similarity among the species, however in dog the frontal was not recognized.
By Cunning ha m, the anterior and the posterior ethmoidals in human fetus ran medially between the superior obliquus and the medial rectus muscles.
However, in the present observation, the posterior ethmoidal ran between the superior obliquus and the superior rectus, and the anterior ethmoidal between the superior obliquus and the medial rectus.
The author recognized each of the anterior and the posterior ethmoidals sent some branches to the eye muscles. § Intracranial and terminal portions In dog, cat and rabbit, the external ethmoidal in the cranial cavity divided into the superior and the inferior branches, differing in size, agreeing with the descriptions of Miller et al. and El le nberger in dog and also of Davis et al. and Htirlimann in cat.
However, in goat, the artery divided into many branches (Rami laminales) via two or three stems, or directly. Development of twigs of the superior and the inferior branches on the cribriform plate was as follows : in order of goat (the richest), dog, cat, rabbit and human fetus.
Only in dog, the superior and the inferior branches formed an arterial ring on the cribriform plate, anastomosing with each other. The superior branch in cat did not correspond to that in dog according to its course and supplying area ; the inferior branch in cat corresponding to the both of the superior and the inferior branches in dog. The R. sinus frontalis in dog was distributed mainly to the frontal sinus, and, therefore, the present author could not agree the opinion of Miller who called the vessel the A. meningea anterior. Twigs out of the superior and the inferior branches in dog and out of the inferior branches in cat formed a network, Rete ethmoidale, on the cribriform plate. However, interanastomoses among the twigs in goat and rabbit did not develop into a true network.
In all species examined except human fetus, twigs branching on the cribriform plate were divisible into two groups ; those remaining within the cranial cavity and those leaving it. The former consisted of mainly the Rr. bulbi olfactorii which formed an arterial network surrounding the olfactory bulb and part of the dura mater. The latter consisted of twigs which entered the nasal wall and were distributed to the ethmoturbinalia and the posterior half to third of the nasal septum.
There was no detailed report on the branches of the ethmoidal artery entered the nasal wall.
In dog and cat, the anterior and the superior portions of the nasal septum were supplied by branches of the internal ethmoidal. On the contrary, the portion in rabbit and goat was supplied by branches of the external ethmoidal and not by the internal ethmoidal which was less developed in the animals.
However, in one case of 22 examples in goat and in four cases of 44 examples in rabbit, the internal ethmoidal was developed as well as in dog and cat, and supplied the lateral nasal wall and the septum with its nasal continuation.
The nasal dorsal artery seen in rabbit was not homologous with the same named artery in human subject and was not found in dog, cat and goat.
In human fetus, the nasal branches of the posterior ethmoidal and of the anterior ethmoidal showed a similar branching mode with each other and the extent of the branches depended on the size of the mother arteries.
It seemed to the present author that the anteriormost one to four of the septal branches of the anterior ethmoidal descending in the anterior part of the nasal septum corresponded to the Rr. nasales septi superiores in other animals used for this study, judging from the course and supplying territory. The Rr. laterales and the Rr. septales in this study would correspond respec- In all animals used in this paper, the internal ethmoidal arose from the anterior cerebral.
In human fetus, the both, anterior and posterior ethmoidals arose from the ophthalmic.
4. The external ethmoidal of the animals in the orbit and cranial cavity and its terminal branches : The artery ran to the ethmoidal foramen crossing over the muscular cone of the eye in dog, cat and rabbit or between the medial rectus and the superior obliquus muscles in goat in an arch with its convexity upward.
In the orbit it gave off no branch in 26 of 48 cases, or one or two muscular branches in the remaining 22 in dog ; the A. frontalis, the muscular branches, the branches to the adjacent tissue of the external ethmoidal and the branches to the periosteum of the medial wall of the orbit in cat (additionally receiving the A. anastomotica from the rete) ; the A. frontalis and the muscular branches in rabbit and goat.
The artery was partially double-tracked in 11 cases of 27 examples in cat, in four of 22 examples in goat.
The external ethmoidal which entered the cranial cavity through the ethmoidal foramen divided into the superior and the inferior branches in dog, cat and rabbit ; divided into seven to ten Rr. laminales via one or two common stems or directly in goat. The inferior branch was usually larger than the superior in dog and cat, and also in the half cases of rabbit examined.
In dog, the superior branch anastomosed with the internal ethmoidal and also with the inferior branch to form an arterial ring on the cribriform plate. In cat, the superior branch anastomosed with branches of the A. marginalis out of the internal ethmoidal, and the inferior branch ended in some of the ectoturbinalia in the frontal sinus as the terminal branch.
In rabbit, the superior and the inferior branches ended as the branches to the nasoturbinale, the Rr. nasales septi superiores, or the A. dorsalis nasi, or anastomosed with the fellow of the opposite side or with the internal ethmoidal.
Branches or twigs on the cribriform plate formed an arterial network in dog and cat ; nothing in rabbit and goat.
The artery sent the following branches in the cranial cavity : the Rr. bulbi olfactorii, the Rr. nasales septi posteriores, twigs to the ectoturbinalia or some groups of them, and twigs to the endoturbinale I, II, III and IV in all animals observed ; the Rr. laminales in dog and goat ; the Rr. nasales septi superiores in rabbit and goat ; the R. sinus frontalis and twigs to the presphenoid bone in dog ; and the Rr. meningei and the A. dorsalis nasi in rabbit.
They entered the nasal cavity to supply its walls.
5. The posterior and the anterior ethmoidals of human fetus in the orbit and cranial cavity and their terminal branches : The posterior ethmoidal was smaller and longer than the anterior. The both arteries ran medially giving off the Rr. musculares and the branches to the periorbita (posterior ethmoidal) or the Rr. meningei (anterior ethmoidal), and came onto the cribriform plate to ramify into the terminal branches. The both posterior and anterior ethmoidals divided into the Rr. meningei and the Rr. nasales, the latter redividing into the Rr. laterales and septales.
They anastomosed with branches of the sphenopalatine artery. 6. The internal ethmoidal artery in the animals : The internal ethmoidal in dog and cat being well-developed arose from the anterior cerebral artery.
It ran between the olfactory bulbs of both sides to the cribriform plate to anastomose with the external ethmoidal and then entered the nasal cavity as the Rr. nasales septi superiores. In cat, the internal ethmoidal became soon unpaired and sent the A. marginalis upward.
In goat, two or three internal ethmoidal arteries were observed.
In rabbit and goat, the artery being much less developed merely supplied the olfactory bulb without extending for ward beyond the bulb, with four exceptions of 44 examples in rabbit and with two exceptions of 22 examples in goat.
The author wishes to express his thanks to his respected Professor Y. Taniguchi for guidance and encouragement shown to him, also to Assistant Professor Y. 0 h t a, and, further, to Lecturer H. H a n a i for their help in surveying specimens and preparing the manuscript. The cribriform plate is indicated by a broken line expect in Fig. 31 Fig. 1 . Lateral view of the beginning. The external ethmoidal arises from the orbital artery being a short common stem with the external ophthalmic.
It runs to the ethmoidal foramen crossing over the muscular cone of the eye in an arch with its convexity upward (/).
In the orbit it sends off the superior and the inferior muscular branches.
C. x 3.3. Fig. 2 . Lateral view of the beginning.
The external ethmoidal arises directly from the maxillary.
The superior branch reaches the lacrimal gland to supply it as the lacrimal branch ( t ). C. x 2.5. Fig. 3 . Lateral view of the beginning.
The superior and the inferior muscular branches arise via a common stem () from the external ethmoidal artery. C. x 3.3. Fig. 4 . Lateral view of the beginning.
The muscular branches arise not from the external ethmoidal but from the orbital ( t ). C. x3.3. The external ethmoidal entered the cranial cavity divides into the superior (/) and the inferior (\) branches. Rr. laminales ascend, forming an arterial network, on the cribriform plate to its margin where they give off about 20 twigs ( x ). C. x 3. Fig. 6 . See the note of Fig. 5 . The Rr. nasales septi posteriores arisen from the inferior branch are distributed to about the posterior half to one third of the nasal septum.
C. x 2.4. Fig. 7 . Medial view of the nasal septum. The internal ethmoidal enters the nasal septum as the Rr. nasales septi superiores. They anastomose ( x ) with the Rr. nasales septi medii of the sphenopalatine artery.
C. x I. Fig. 8 . Medial view of the lateral nasal wall. Twigs to the endoturbinalia pass forward to its anterior end and anastomose ( x ) with the branches to the ethmoturbinalia of the sphenopalatine. C. x 1.5.
Plate II
Figs. 9-16. Cat. Fig. 9 . Lateral view of the beginning. The external ethmoidal begins (/) at the anterosuperior end of the external rete by the confluence of two to four arterial vessels which constitute the rete. The artery is partially doubletracked ( x ). It runs to the ethrnoidal foramen in an arch with its convexity upward.
C. x3. Fig. 10 . Lateral view of the orbital and the intracranial portions.
The external ethmoidal has three double-tracked parts ( x ) in its course. The external ethmoidal receives (\) the A. anastomotica (/) arisen from the rete, just before entering into the ethmoidal foramen.
C. x 2.4. Fig. 11 . Lateral view of the intracranial portion.
The external ethmoidal divides into the superior and the inferior branches.
The former anastomoses ( x ) with a branch of the A. marginalis.
Arterial network (0) surrounding the olfactory bulb. C. x 2.7. Fig. 12 . See the note of Fig. 11 . Anastomotic artery (/). C. x 2.7. Fig. 13 . Posterior view of the cribriform plate. The inferior branch forms a simple network ( x ) on the plate. C. x 2.3. The inferior branch sends off many twigs to the ectoturbinalia.
Anastomotic artery (/). C. x 3. Fig. 15 . Medial view of the nasal septum.
The internal ethmoidals on both sides unite (\) in the falx cerebri. After sending the A. marginalis, the united artery divides into the Rr. nasales septi superiores just posterior to the cribriform plate. Network ( x ) in the nasal septum formed by the Rr. nasales septi superiores.
C. x 2.4. The former sends backward a branch ( ) to the lacrimal gland. The external ethmoidal divides into the superior and the inferior branches.
C. x 2. Fig. 18 . Superoposterior view of the cribriform plates on both sides. The superior branches on both sides anastomose in the median.
C. x 2.3. Fig. 19 . Superoposterior view of the intracranial portion. Arterial network surrounding the olfactory bulbs ( x ). C. x 3. Fig. 20 . Upper view. The superior branch is smaller than the inferior.
The inferior branches on both sides anastomose (4-) with each other in the median and branch into the nasal dorsal artery and the Rr. nasales septi superiores.
C. x 2.5. Fig. 21 . Up per view of the intracranial portion.
At the anastomosing point (x) of the inferior branches, the nasal dorsal artery and the Rr. nasales septi superiores arise forward.
C. x 2.2. Fig. 22 . Lateral view. A case in which the well-developed internal ethmoidal arises from the anterior cerebral and enters the nasal wall as the Rr. nasales septi superiores. C. x 2.7. Fig. 23 . Lateral view of the terminal branches.
The superior and the inferior branches send many twigs to the endoturbinalia and the ectoturbinalia. C. x 2.3. It enters the cranial cavity over the muscular cone of the eye and divides into the Rr. laminales on the cribriform plate. C. x1.5. Fig. 26 . Medial view of the lateral nasal wall. The laminales redivide into many twigs. They enter the lateral nasal wall to supply the ethmoturbinalia, forming networks ( x ) in the turbinalia.
They anastomose with the branches (0) to the ethmoturbinalia of the sphenopalatine artery.
C. x 1.5. Fig. 27 . Medial view of the endoturbinalia.
Twigs entered the endoturbinalia pass forward to their anterior ends, to anastomose (x) with the branches to the ethmoturbinalia of the sphenopalatine. C. x 2.7. The anteriormost one or two (\ i) of the Rr. laterales (1\) descend along the anterior border of the nasal wall as far as the nasal vestibule.
Arterial network in the lateral nasal wall (x) . C. x 2. The Rr. septales (/) descend in the nasal septum and form an arterial network ( x ) in it, anastomosing (-+) with the sphenopalatine artery. The anteriormost one or two (4-) of the septales descend in the anterior part of the septum to the naris. C. x 2.
